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Abstract

This study elucidates the COD removal of dye (Rhodamine B) through electrochemical reaction. Effects of current
density (7.2 to 43.3 mA/em?), electrolyte type (NaCl, KCl, Na,SO4, HCI), electrolyte concentration (0.5 to 2.0 g/L), air
flow rate (0 to 4 L/min) and pH (3 to 11) on the COD removal of Rhodamine B were investigated. The observed results

showed that the increase of pH decrease the COD removal efficiency. Whereas, the increase of current density, NaCl

concentration and air flow rate caused the increase of the COD removal of Rhodamine B.
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1. Introduction

Textile industry produce considerable water pollution
problem by discharging effluents. The effluent of
textile industry process contains various types of
pollutants such as dyes, detergents, surfactants and
suspended solids (Robert et al., 2007). The effluent in
textile industry has often been discharged over the
discharge limit when it is treated only by the conventional
treatment process such as the connected chemical and
biological process, because the wastewater in textile
industry has many recalcitrant materials.

Therefore, the research for the advanced oxidation
processes (AOPs) such as electron beam, Fenton
oxidation, ozone oxidation, photo-catalytic and
electrochemical processes is needed for the stable
treatment of textile industry wastewater.

Especially, the electrochemical oxidation process
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is evaluated as an alternative to solve the problem
generated by the textile industry effluent. Electrochemical
oxidation is a complex reaction involving coupling of
electron transfer reaction. Therefore, the electrolytes
present in wastewater dissociate into ions and
oxidation of electrons occurs at the anode. Several
researchers have investigated the feasibility of
electrochemical degradation of dyes with various
electrode materials for wastewater treatment such as
titanium-based electrodes (Rajeshwar and Ibanez,
1997; Szpyrkowicz et al., 2000), platinum electrode
(Sanroman et al., 2004), diamond and metal alloy
electrodes (Rivera et al., 2004), and boron doped
diamond electrodes (Chen et al, 2003; Fernandes et
al., 2004). Applications of electrochemical method
for textile wastewater have been tested and a good
removal efficiency of organic substances at various
operating conditions is obtained (Lin and Feng, 1994;
Osutveren and Koparal, 1994).

This paper concerns with the study of current
density, electrolyte type, electrolyte concentration, air

flow rate and pH which are the main parameters that
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influences the performance of the electrochemical
oxidation process in textile wastewater on laboratory

scale.

2. Materials and Methods

Electrochemical reactor used in this study is
consisted of Ru-Sn-Sb oxide coated titanium mesh
electrodes (11 cm x 6.3 cm). The mesh type anode
and cathode were positioned vertically and parallel to
each other with an inter electrode gap of 2 mm. The
experiments were done using 1.0 L of Rhodamine B
(RhB) dye solution with constant stirring at 150 ~
200 rpm with a magnetic stirrer to maintain
uniformity in a reactor. The area of electrode exposed
for the electrolysis was fixed to be 69.3 cm’.

Chemical oxygen demand (COD) value for the
RhB sample before and after electrolysis was
measured using Standard methods (APH-AWWA-
WPCE, 1992).

3. Results and Discussion

3.1. Effect of current density
Fig. 1 shows the COD removal efficiency with
different current density in electrochemical process.

100

90

80

70

60 |

50

COD removal efficiency (%)

40

0 10 20 30 40 50
Current density (mA/em?)

Fig. 1. Effect of current density on the COD removal

efficiency in electrochemical process using Ru-Sn-

Sb electrodes (Operating conditions: initial pH 7,
NaCl concentration 1.0 g/L, air flow rate 2.0 L/min).

The current density was varied from 7.2 to 43.3
mA/cm’” using 1.0 g/L NaCl as electrolyte and 2.0
L/min air flow rate at pH 7. The COD removal
efficiency increased by increasing the current density
because the increment of current density increase the
generation of several oxidants (Os, free chlorine,
ClO,, H>0,, OH radical etc., Kim and Park, 2009).

3.2, Effect of electrolyte type

Fig. 2 shows the effect of electrolyte type (NaCl,
KCl, Na,SOs4, HCI) on the COD removal efficiency
in electrochemical process. The COD removal
efficiency using NaCl as an electrolyte was higher
than that using any other electrolyte. And the COD
removal efficiencies with Na,SO4 and HCI were low,
which was similar with study of Li et al (2005). It
was suggested by Li et al (2005) that NaCl, which
could be oxidized to form a strong oxidant of HOCI,
could promote the degradation of phenol. Also, in
this study, the production of other oxidants (Os,
H>0,, CIO; etc.) using NaCl was much higher than
that using Na;SO4 or HC1 (Kim and Park, 2009),
which showed that the NaCl was the best electrolyte in
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Fig. 2. Effect of electrolyte type on the COD removal efficiency
in electrochemical process using Ru-Sn-Sb electrodes
(Operating conditions: initial pH 7, current density
28.9 mA/cny’, air flow rate 2.0 L/min).
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the COD removal using electrochemical reaction. Li
et al (2009) showed that phenol in Na;SO4 decreased
from 490 mg/L to 0 mg/L in 35h with Ti/RuO; at the
current density of 20 mA/cm’. However, phenol
solution with 1.0 g/L NaCl as supporting electrolyte
was degraded from 80 mg/L to 0 mg/L within 130
min at the current density of 10 mA/cm’ (Li et al,
2009). Therefore, we can see that the NaCl presence
is necessary for the efficient degradation of

recalcitrant materials such as RhB or phenol.

3.3. Effect of NaCl concentration

In order to investigate the effect of electrolyte
concentration on the COD removal, NaCl concentration
was varied from 0.5 to 2.0 g/L using current density
28.9 mA/cm’ and 2.0 L/min air flow rate at pH 7.0.
The results are presented in Fig. 3. The COD removal
efficiency was increased by increasing the NaCl
concentration due to the increased mass transport of
chloride ions to the anode surface and also increased
diffusion in the diffusion layer of the anode. As a
result, more amount of several oxidants were
generated (Kim and Park, 2009), which results in the
increased COD removal efficiency.
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Fig. 3. Effect of NaCl concentration on the COD removal
efficiency in electrochemical process using Ru-Sn-Sb
electrodes (Operating conditions: initial pH 7,
current density 28.9 mA/cn’, air flow rate 2.0
L/min).

3.4, Effect of air flow rate

For enhancing COD removal efficiency, the input
of air was adjusted. Effect of air flow rate on the
COD removal efficiency is illustrated in Fig. 4. It
appears that the COD removal efficiency in the air
flow rate of 3.0 L/min was a little higher than that of
0, 1.0 and 2.0 L/min. Nonetheless, a similar COD
removal efficiency was found between that of 3.0 and
4.0 L/min, which mean that the aeration process is
not an economical choice for the enhancement of
COD removal efficiency regardless of accelerating
mass transfer when the air flow rate was over 3.0
L/min. The observation in our experiments was in
agreement with that reported by Chen and Liang
(2009), who stated that the production of electro-
generated H,O, was proportional to the mass transfer
rate of dissolved oxygen to the cathode surface. By
the report of Chen and Liang (2009), it indicated that
the TOC removal efficiencies in electrochemical
reaction with out dosage of oxygen were slightly
lower than those with dosage of oxygen.
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Fig. 4. Effect of air flow rate on the COD removal efficiency
in electrochemical process using Ru-Sn-Sb
electrodes (Operating conditions: initial pH 7,
current density 28.9 mA/cm’, NaCl concentration
1.0 g/L).
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3.5. Effect of pH

The COD removal efficiency decreased with
increasing in the initial pH of the solution as shown
in Fig. 5. The COD removal efficiency decreased
drastically as the initial pH was 11.0. The
chlorine/hypochlorite generation was stable at given
current density. However, at higher pH value the
hypochlorite acid converts itself into chlorate or
hypochlorate according to the reactions mentioned in
eqs. (1) and (2). This results in the reduced
availability of hypochlorite at higher pH which
causes reduction in COD removal.

6HOCI + 3H,0 — 2C105 + 4Cl + 12H" + 3/20, + 6¢°
M

ClOs + H,0 — ClO4 + 2H + 2¢ 2)

Another reason may be at acid pH, the chlorine is
present in the solution in the form of hypochlorous
acid, which is having higher oxidation potential (1.49
V) than that of hypochlorite (0.94 V) (Prasad and
Srivastava, 2009). The hypochlorite is prevalent in
the alkaline condition (Szpyrkowicz et al., 2000).
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Fig. 5. Effect of initial pH on the COD removal efficiency
in electrochemical process using Ru-Sn-Sb
electrodes (Operating conditions : current density
28.9 mA/crnz, NaCl concentration 1.0 g/L, air flow
rate 2.0 L/min).

4, Conclusion

This study demonstrated the usefulness of
electrochemical COD treatment using Ru-Sn-Sb
oxide electrode. The effects of 4 factors (current
density, NaCl concentration, air flow rate, pH) on
COD removal were studied. COD removal efficiency
increased by the increasing the current density and
NaCl concentration. It decreased by the increasing
pH value by increasing the pH value. However, air
flow rate had no great effect on the COD removal
efficiency. COD removal efficiency using NaCl as an
electrolyte was higher than that using any other

electrolyte.

Acknowledgements

This work was supported by research grants from
the Catholic University of Daegu in 2010.

References

APH-AWWA-WPCE, 1992, Standard methods for the
examination of water and wastewater, 18th ed.,
APHA, Washington D. C..

Chen, X., Chen, G., Yue, P. L., 2003, Anodic oxidation
of dyes at novel Ti/B diamond electrodes, Chem.
Eng. Sci., 58, 995-1001.

Cheng, W. S., Liang, J. S., 2009, Electrochemical
destruction of dinitrotoluene isomers and 2,4,6-
trinitrotoluene in spent acid from toluene nitration
process, J. Hazard. Mater., 161, 1017-1023.

Fernandes, A., Morao, A., Magrinho, M., Goncalves, 1.,
2004, Electrochemical degradation of C.I. Acid
Orange 7, Dyes Pigm., 61, 287-296.

Kim, D. S., Park, Y. S., 2009, Characteristics of
oxidants production and dye degradation with
operation parameters of electrochemical process,
J. Env. Sci., 18(11), 1235-1245.

Li, M., Feng, C., Hu, W., Zhang, Z., Sugiura, N., 2009,
Electrochemical degradation of phenol using
electrodes of Ti/RuO»-Pt and Ti/IrO,-Pt, J. Hazard.
Mater., 162, 455-462.



COD Removal of Rhodamine B from Aqueous Solution by Electrochemical Treatment 659

Li, X. Y., Cui, Y. H., Feng, Y. J,, Xie, Z. M., Gu, J. D,
2005, Reaction pathways and mechanisms of the
electrochemical degradation of phenol on different
electrodes, Wat. Res., 39, 1972-1981.

Lin, S. H., Feng, C. F., 1994, Treatment of textile
wastewater by electrochemical method, Wat. Res.,
28(2), 277-282.

Osutveren, U. B., Koparal, S., 1994, Color removal
from textile effluents by electrochemical
destruction, J. Environ. Sci. Health, Environ. Sci.
Eng., A29(1), 1-16.

Prasad, R. K., Srivastava, S. N., 2009, Electrochemical
degradation of distillery spent wash using catalytic
anode: Factorial design of experiments, Chem.
Eng. J., 146, 22-29.

Rajeshwar, K., Ibanez, J. G., 1997, Environmental
Electrochemistry. Fundamentals and application in

pollution abatement, Academic press, San Diego,
CA, 361-370.

Rivera, M. C., Jimenez, M. M. D., Gonzalez, M. P. E.,
2004, Degradation of the textile dyes Basic yellow
28 and Reactive black 5 using diamond and metal
alloys electrodes, Chemosphere 55, 1-10.

Robert, L., Chiu, H. M., Shiau, Sh. Ch., Yeh, R. Y. L,
Hung, Y. T., 2007, Degradation and sludge
production of textile dyes by Fenton and photo-
Fenton processes, Dyes Pigm., 73, 1-6.

Sanroman, M. A., Pazos, M., Ricart, M. T., Cameselle,
C., 2004, Electrochemical decolourisation of structurally
different dyes, Chemosphere, 57, 233-239.

Szpyrkowicz, L., Juzzolino, C., Kaul, S. N., Daniele, S.,
De Faveri, M. D., 2000, Electrochemical oxidation
of dyeing baths bearing disperse dyes, Ind. Eng.
Che. Res., 39, 3241-3248.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


